High milk production, heat, physiological status and management impair reproduction in Holstein cows. The use of in vivo-produced embryos has been reported as an alternative to enhance pregnancy outcome in the tropics; however there are several limitations for its production, especially from variations in superovulatory responses. The in vitro production of embryos would avoid such variations, but few studies have been reported. This study aims to verify the effects of variables related to recipients under a program of routine in vitro embryo transfer on a commercial dairy farm in southeastern Brazil. It was hypothesized that pregnancy rates after transfer of ovum pick up or OPU-derived embryos (ET) to lactating Holstein recipients may be influenced by recipient GnRH-treatment at ET, parity, milk production and body condition score. Recipients (267) were allocated to one of three i.m. treatments given at ET: Control (92) -2.5 ml saline; Buserelin (86) -10 μg Buserelin acetate; Deslorelin (89) -750 μg Deslorelin acetate. Ultrasound images and blood samples were taken at ET and seven days later. The first pregnancy diagnosis was performed between 30-40 days and the second between 60-80 days post ET. Data were analyzed by GENMOD (SAS ® ). The proportion of pregnant cows was greater (P<0.05) in Buserelin-treated recipients (38.3%) at the first pregnancy diagnosis than Controls (24.1%), but similar to Deslorelin and control cows at the second diagnosis (13.0, 20.9 and 14.6% in Control, Buserelin and Deslorelin, respectively). In conclusion, Buserelin improved pregnancy rate only transitorily, under the present conditions. Index terms: Bovine; GnRH agonists; progesterone.
INTRODUCTION
Embryo transfer and GnRH agonists have been used to improve reproductive efficiency in Holstein cows. It is generally accepted that high milk production decreases circulating progesterone concentrations. During gestation, progesterone influences embryo development, stimulates interferon-tau production, and inhibits the luteolytic cascade (Shahneh et al., 2008) . Suboptimal progesterone concentrations cause embryo loss and impair gestation. DOI: 10.1590 Factors affecting pregnancy...
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Ciênc. Agrotec., Lavras, v. 39, n. 5, p. 498-505, set./out., 2015 High producing lactating dairy cows tend to have high levels of feed intake and, as a consequence, blood flow through the liver is increased. This, in turn, may increase steroid metabolism and clearance, decreasing circulating progesterone and fertility (Sangsritavong et al., 2002) . Decreases in fertility in high producing dairy cows are greater under elevated temperatures (Gacia-Ispierto et al. 2006) and following periods of body condition losses caused by post partum negative energy balance (Carvalho et al., 2014) .
Induction of an accessory corpus luteum has been used as a method to elevate circulating progesterone concentrations (Bech-Sabat et al., 2009) . Garcia-Ispierto et al. (2006) observed that cows with an additional corpus luteum are 0.32 less likely to lose a pregnancy than cows with a single corpus luteum. Cows receiving GnRH on the day of AI and 12 days later were 3.7 more likely to have an accessory corpus luteum than untreated controls (Lopez-Gatius et al., 2006) . Schmitt et al. (1996) reported greater progesterone concentrations associated with the presence of accessory corpora lutea in milk cows injected with GnRH agonists five days after estrus.
A transitory increase (from 7 to 12 days after estrus) in serum progesterone after a GnRH injection given five days after estrus was reported (Beltran; Vasconcelos, 2008) . Similarly, a single GnRH injection administered five days after AI increased serum progesterone eight days later, but without improving pregnancy rates in relation to controls (Howard et al., 2006) .
Additionally, most studies utilizing synthetic hormones with the objective of altering luteal function and increasing progesterone concentrations examine the influence on AI or fixed-time AI conception rates. Very few studies are related to the transfer of in vitro-derived embryos to lactating Holstein recipients. The primary aim was to investigate the effect of GnRH agonists at ET on progesterone concentrations, accessory corpora lutea formation, and pregnancy rates in lactating Holstein cows receiving in vitro-produced embryos. A secondary objective was to investigate the possible effects of recipient days in milk, parity, milk production and body condition score on pregnancy outcome.
MATERIAL AND METHODS

Housing and climate
The experiment was carried out on a large commercial dairy operation located in Inhauma in the northern region of the State of Minas Gerais -Brazil, between September through December of 2012. The local climate is defined as tropical of altitude, with warm and rainy summers and dry winters. Minimum and maximum average temperatures ranged from 16 ºC to 35 ºC and humidity between 16% and 62%.
Animals and treatments
Cows were milked twice a day and managed in free-stall barns. Cows were fed a total mixed diet based on corn silage, soybean meal and corn, formulated to meet or exceed the requirements of lactating dairy cows (National Research Council, 2001) . Average days in milk (DIM) and body condition score (BCS) were 190.4 ± 133.0 and 3.37 ± 0.45, respectively. In order to analyze the effects of DIM and BCS, two classes were established based on frequency distribution analysis: DIM1 ≤ 130 d and DIM2 > 130 d; and BCS1 ≤ 3.25 and BCS2 > 3.25, respectively. Mean parity and daily milk yield per cow at 14 days post-partum were 2.04 ± 0.08 and 26.75 ± 0.52 kg, respectively. To evaluate parity and milk yield effects, cows were classified as primiparous and pluriparous, and as average milk producers (< 28.0 kg/cow/day) and high producers (≥ 28.0 kg/cow/day). Cows (n = 267) were randomly allocated to one of three treatments given on the same day embryos were transferred. Treatments were applied as a single i.m. injection on the day of embryo transfer: 1) Control (n = 92) -2.5 ml saline; 2) Buserelin (n = 86) -10 μg Buserelin acetate (Sincroforte ® , Ouro Fino, Cravinhos, SP, Brazil); 3) Deslorelin (n = 89) -750 μg Deslorelin acetate (Sincrorrelin ® , Ouro Fino, Cravinhos, SP, Brazil). Cows were checked for estrus twice a day for one hour and assigned to enter treatments and receive embryos seven (6-8) days later. Treatments were applied throughout a four-month period between the months of September and December of 2012, comprising four replicates in which cows diagnosed as open in the first pregnancy check were randomly reassigned to any of the three treatments (Table 1) .
Embryos
Embryos were produced in vitro by a commercial laboratory (Laboratório Querença Embriões-In Vitro ® , São Paulo, Brazil). After OPU, oocytes were matured, fertilized with semen from Holstein sires of known fertility and cultured for seven days, according to Ruiz Lópes et al. (2013) . A group of 30 dry Holstein donors on average (20-40) from the same farm was submitted to weekly OPU sessions. Only excellent or good embryos (Bó; Mapletoft, 2013) were transferred non-surgically to lactating Holstein recipients 6-8 days after natural estrus.
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Ovarian ultrasonography evaluation
For ovarian evaluation, an ultrasound exam (US) was performed using an Aloka SSD 500 unit (Berger, São Paulo, SP, Brazil) and a 5.0 MHz linear transducer. Due to operational and time constraints of the dairy, only subsets (48, 47 and 51 cows from Control, Buserelin and Deslorelin groups, respectively) of cows were US scanned immediately before the embryo transfer and seven days later. Only when a single CL was detected in the first exam cows were assigned to receive an embryo. If more than one CL was detected cows were not included in the experiment. CL and accessory CLs were mapped and their mean diameter measured.
Blood sampling for progesterone (P4) determination
Immediately before the first ovarian US evaluation and seven days after treatment, 10 ml blood samples were drawn from the coccygeal vein for P4 determination. Samples were immediately cooled and centrifuged within 6 hours (1000 x g, 20 min). Supernatant plasma was separated, stored in cryo tubes (3810X standard, Eppendorf, Germany) and kept at -20 ºC until the P4 assay. Progesterone concentrations were determined in duplicates by a single radioimmunoassay using an RIA kit (Diagnostic Products Corporation, Los Angeles, CA). The intraassay coefficient of variation was 2.03%. A random subset of sixty five cows were sampled for progesterone determination: Control (n = 23) Buserelin (n = 21) and Deslorelin (n = 21) due to economic limitations.
Pregnancy diagnosis
Cows were checked for pregnancy by US at 30-40 days and at 60-80 days post embryo transfer.
For the first and second pregnancy checks 267 events were computed for analyses. Embryo loss was calculated as the number of cows not pregnant at the second check in relation to the number pregnant at the first check.
Statistical analyses
All statistical analyses were performed using SAS ® procedures (SAS, Cary, NC, USA, 2002).
The proportions of pregnant cows, embryo loss and accessory CL presence were treated as generalized model and analyzed using the GENMOD procedure, with the binomial distribution and scaled deviance as options. Mean proportions were compared by preplanned orthogonal contrasts and the probability of 5% considered significant.
Progesterone concentration data were submitted to the MIXED procedure with the repeated measures option and the first progesterone value as covariate. The model included treatment, day and treatment by day interaction. The error term was cow within treatment. The covariance structure with the largest Akaike value was used. Corpus luteum number and diameter were submitted to analysis of variance using the GLM procedure. The model included treatment, day, and the treatment by day interaction. Means were expressed as least square means and standard error of the mean and compared by the Tukey test at 5% of significance. To examine the influence of accessory CL on serum progesterone concentrations, the Day 7 progesterone concentrations were analyzed using the GLM procedure of SAS with accessory CL class (no accessory CL or 1 accessory CL), treatment and CL class by treatment interaction as the fixed effects.
RESULTS AND DISCUSSION
Pregnancy was not influenced (P=0.08) by DIM class (20.7 vs. 12.3%, for DIM1 and DIM2, respectively). Similar pregnancy rates were observed between BCS classes (16.13%, 25/155 and 16.07%, 18/112 for BCS1 and BCS2, respectively). Similarly, et al., 2005) . Another recent study (Carvalho et al., 2014) has clearly identified higher pregnancy rates per artificial insemination (AI) in primiparous compared to multiparous cows (52.7 vs 43.1%). These results do not allow a direct comparison with the present study since it is the result of GnRH based synchronization and deals with AI and not embryos. This could suggest that in the present trial pregnancy rate should have been higher in primiparous cows. The lack of pregnancy rate differences between distinct parity class and body condition scores may be the result of adequate management practices in this particular herd. However, overall pregnancy rates were relatively lower (13.04-38.27%) than those of other studies in Brazil, as reported in a review by Bó et al. (2004) , which ranged from 40-50% and by Galimbert et al. (2001) , which observed in zebu-crossbred recipients, pregnancy rates as high as 65%. However, differently from the present study, most embryo recipients in Brazil are non-lactating Holstein-Zebu crossbreds, indicating less vulnerability to the well reported deleterious effects of heat stress (Ferreira et al., 2011 ) and negative energy balance (Santos; Rutigliano; Sá Filho, 2009; Carvalho et al., 2014) on embryo survival. Progesterone concentrations were not influenced by the presence of an accessory CL or by its interaction with treatment. On the other hand, Buserelin increased the proportion of cows with an accessory CL (P < 0.01), compared to the Control and Deslorelin groups ( Table 2) .
There was no effect (P = 0.98) of treatment on the diameter of accessory CLs. The increase in the proportion of cows with accessory CL in the GnRH-treated groups is in agreement with the study of Rajamahendran et al. (1998) . Those authors, using Buserelin injections (8 μg, i.m.) and different doses of Deslorelin, as subcutaneous implants (75, 150, 700 e 2100 μg), placed on the fifth day of the estrous cycle, observed that there was induction of extra ovulation in all cows. A single Buserelin injection (8 μg) on the fifth day of the estrous cycle induced ovulation and CL formation in all treated cows (Schmitt et al., 1996) . This proportion was approximately twice that reported in this trial for Buserelin (51.06%). Even lower results (25.7%) were reported by Stevenson et al. (2008) . These differences may be related to dosage, agonist type, or other conditions not controlled among the trials studied.
Progesterone concentrations were not influenced (P = 0.84) by the treatments and were 4.12 ± 0.39, 4.15 ± 0.42 and 3.84 ± 0.41ng/ml for Control, Buserelin and Deslorelin treatments, respectively (Table 3 ). The progesterone concentration in the second sampling day (5.56 ± 0.26 ng/ml) was greater (P < 0.0001), compared to that of the first sampling day (2.51 ± 0.26 ng/ml).
The goal of increasing progesterone concentrations through the induction of accessory CLs was not reached in the present study. This finding is consistent with that reported by Stevenson et al. (2007) , in which, the presence of accessory CLs induced by Gonadorelin 4-9 days after AI, did not change P4 concentrations compared to untreated controls. Similarly, Kaygusuzoglu et al. (2010) , using Buserelin (10.5 μg) seven days after AI, did not observe changes in P4 concentrations in pregnant heifers up to 24 days post-AI. However, in other reports there were associations between accessory CL formation and P4 concentrations, differing partially from the present results (Rajamahendran et al., 1998; Ullah et al., 1996; Willard et al., 2003) . Greater P4 production may be associated with CL hypertrophy and hyperplasia (Shahneh et al., 2008) which could, in part, explain the observations of positive effects on P4 production, independently of accessory CL presence. Apparently, one of the factors that may have altered the response to the GnRH agonists used was the stage of the follicular wave in which it was injected. Buserelin injections (10 µg) 11 days after embryo transfer, or four days later than the day it was given in the present study, increased plasma P4 (Galimberti et al., 2001) . This is different from the present results, but those authors did not report whether they used previous values as covariates, which was done in our analyses.
The proportion of pregnant cows was higher (P < 0.05) for the Buserelin treated group compared to controls in the first diagnosis, but did not differ in the second diagnosis (Tables 4 and 5 ). For the group of cows submitted to both diagnoses embryo losses did not differ (P = 0.90) between treatments, and were 36.84 % (7/19), 41.94 % (13/31) and 43.48 % (10/23) for the Control, Buserelin and Deslorelin groups, respectively. Factors affecting pregnancy...
503
Ciênc. Agrotec., Lavras, v. 39, n. 5, p. 498-505, set./out., 2015 Most pregnancy rate data found in the literature examining GnRH agonist use relates to AI or fresh embryo transfer outcomes and few with in vitro-produced embryos. Considering only the first group of cows diagnosed at 30-40 days, Buserelin increased the proportion pregnant compared to controls. Similarly, although relative to AI and injection at estrus, Kaim et al. (2003) reported a 14.2% increase in pregnancy rate favoring the use of Buserelin, whereas for Gonadorelin-treated lactating cows five days post AI (Howard et al., 2006) , a pregnancy rate of 26.7% was lower than that of the present trial for Buserelin (38.3%).
For the group of cows diagnosed at 60-80 days there was no effect of treatment on pregnancy rates. Similarly, the pregnancy rate at 55 days post-AI was not increased by GnRH given on 5 and 15 days after AI (Bartolome et al., 2005) . Similar results were reported by Galimberti et al. (2001) , when no pregnancy rate differences were found between cows treated with Buserelin four days after ET (65.0%) and untreated controls (63.6%). Those pregnancy rates are greater than the ones reported in this trial, and may reflect higher viability of in vivo-produced embryos and, likely, the better adaptation of Zebu-Holstein crossbred recipients to the Brazilian tropical environment than Holsteins. On the other hand, Marques et al. (2012) reported that 10 µg of Buserelin given on day 7 of the estrous cycle increased pregnancy rates on crossbred recipients that received frozen-thawed embryos produced in vivo. In agreement with the present findings, Khoramian et al. (2011) reported similar pregnancy rates to AI between cows treated with 20 µg of Buserelin, 5-6 days after AI, and untreated controls.
Cows treated with GnRH 14 days after ovulation (Franco et al., 2006) showed significant improvement in pregnancy rates compared to controls (20.3% vs. 12.7%). In the present experiment, the proportions of pregnant cows treated with Buserelin and controls were 20.9% and 13.0%, respectively. Lopez-Gatius et al. (2006) injected Gonadorelin at AI (GnRH-0), or GnRH at AI and 12 days later (GnRH-0 + 12), or did not treat (control) lactating Holstein cows. Those authors observed 0.46 and 0.80 decreases in the risk of pregnancy in the control and the GnRH-0 groups, respectively, compared to the GnRH+12 group. The two GnRH injections may have minimized the infertility problems associated with heat stress, since the summer conception rate was 35% for these cows compared to 34% in the winter. Considering that the present experiment was conducted in an equally hot climate, no improvement was achieved with a single injection; it could be argued that perhaps a second injection could have been beneficial, similarly to their findings. Again, caution should be exerted in such comparison, for, in the present study, in vitro-derived embryos were transferred as opposed to artificial insemination. Contrarily, in part, to the present observations, Shahneh et al. (2008) reported pregnancy rate improvements for GnRH-treated cows at AI, since 55% of these cows became pregnant compared to only 25% in the untreated controls.
The transitory improvement in pregnancy rate for the Deslorelin treatment could not be associated with greater progesterone concentrations in this study. Similarly, in one report (Chagas; Lopes; Robalo, 2002) progesterone concentrations at the time of ET were not different between recipients that became pregnant compared to those that did not. Perhaps, a putative direct effect of GnRH on early pregnancy maintenanceassociated factors, such as vascular endothelial growth factor (Echternkamp et al. 2006; Farin; Piedrahita; Farin, 2006) , not measured in this study, could be postulated. In fact, the percentage drop in pregnancy between the first and the second diagnoses was 17.3 % for the Buserelin group compared to 11.0 and 13.4% in the Control and Deslorelin groups, respectively. Perhaps in the case of an accessory CL there are greater concentrations of P4 at the level of the gravid uterus due to counter-current transfer than what would be measured in the peripheral blood, because this was the only noticeable difference between the Buserelin group and the remaining treatments. In addition, even a deleterious effect of excessive progesterone between 30 and 60 days of gestation could be considered. This observation poses yet, a more complex probability for a chain of physiological events, following the use of Buserelin, not foreseeable in our current experimental design.
CONCLUSIONS
A single injection of Buserelin given seven days after estrus improved 30 to 40-day pregnancy rates in lactating Holstein which receiving OPU-derived embryos. A greater proportion of Buserelin treated cows formed accessory CLs, but it did not have a reflex on peripheral progesterone concentrations. Alternative mechanisms may be involved in pregnancy maintenance during its early stages. This improvement, however, was not seen at the 60-80 day pregnancy rate, leading to the conclusion that more studies are necessary to elucidate GnRH action mechanisms. This study shows that in warm climates it may be feasible to incorporate the use of in vitro-derived embryos in the routine reproductive management of large dairy operations to improve fertility. Further studies are warranted, since the pregnancy establishment requirements for OPU-derived embryos may differ in unknown aspects when compared to embryos produced in vivo.
